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INTRODUCTION 


Radiography  is  routinely  used  for  inspection  of  large  quantities  of  U.S. 

Army  artillery  and  tank  ammunition  during  Research  and  Development  (R&D)  and 

manufacture  to  assure  integrity  of  materials  and  proper  assembly  of  parts.  In 
addition,  radiography  has  frequently  been  found  effective  in  screening  stockpile 
ammunition  to  detect  and  cull  out  items  having  defects  not  anticipated  at  the 

time  of  manufacture.  Such  screening  operations  are  often  critical  to  the  safe 
use  of  the  ammunition  in  training  or  actual  combat  operations. 

When  it  became  evident  that  certain  90-mm  tank  ammunition  (HEAT-T  M431) 

might  be  defective  because  a  gap  could  exist  between  the  mating  faces  of  the 
aluminum  chamber  and  the  steel  warhead  (they  might  not  be  completely  screwed 
together),  a  simple  but  reliable  Inspection  technique  was  required.  The  metal 

feeler  gauge  method  used  during  manufacture  was  not  appropriate  since  the  gauge 

could  not  be  inserted  past  the  plastic  obturating  band  after  the  cartridge  case 
had  been  crimped  onto  the  warhead  assembly.  The  cartridge  case  has  a  tendency  to 
hold  the  obturating  band  forward  against  the  rear  face  of  the  steel  warhead 

(figs.  I  and  2).  Radiography  seemed  to  be  the  natural  choice  for  the  inspection, 
since  penetration  of  the  plastic  band  by  an  X-ray  beam  could  be  easily  accom¬ 

plished. 


INSPECTION  PROBLEM 


Careful  consideration  revealed  that  straightforward  radiographic  procedures 
would  not  be  reliable  for  this  application  because  of  the  small  gaps  that  had 
required  detection.  (Gap  detectability  down  to  0.001  to  0.002  inch  was  essen¬ 
tial.)  To  be  effective,  the  energy  of  the  X-ray  beam  would  have  to  he  selected 
low  enough  that  there  would  be  virtually  no  penetration  of  the  steel  or  aluminum, 
but  there  would  be  substantial  penetration  of  the  plastic  band.  Precise  align¬ 
ment  of  the  X-ray  beam  with  the  plane  of  the  gap  would  be  required  (fig.  3).  A 
slight  misalignment  would  result  In  the  beam's  being  cut  off  completely  by  the 
metal  on  either  side  of  the  gap,  and  would  make  a  shell  with  a  small  gap  appear 
to  have  no  gap.  Avoidance  of  such  a  "false  acceptable"  indication  is  of  para¬ 
mount  importance. 

Several  possible  sources  of  beam  misalignment  can  occur  in  the  industrial 
environment  anticipated  for  che  X-ray  operation: 

1.  Inconsistent  positioning  of  shell:  It  was  expected  that  the  shell 
would  be  manually  placed  into  a  simple  fixture  that  automatically  registers  on 
the  gap  area.  However,  the  need  for  speed  would  preclude  a  very  tight  fit  with 
the  fixture.  This,  combined  with  dimensional  tolerances  In  the  shell  and  wear  on 
the  fixture,  would  allow  only  approximate  positioning  compared  to  tiie  dimensions 
of  the  smallest  gaps  (0.001  in.). 
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2.  Imprecise  alignment  of  the  cartridge  case:  The  assembly  and  crimping 
of  the  cartridge  case  to  the  projectile  is  not  precise.  It  would  be  necessary  to 
partially  support  the  shell  under  the  cartridge  case,  thereby  presenting  the 
possibility  of  slight  tilting  of  the  axis  relative  to  the  X-ray  beam. 

3.  Difficulty  in  locating  the  exact  position  of  the  X-ray  source  within 
the  X-ray  tube  head:  Position  of  the  source  Is  not  a  closely  controlled  factor 
in  the  manufacture  and  assembly  of  X-ray  equipment,  although  the  source  can  be 
located  by  some  trial-and-error  procedures  with  special  test  objects  and  a  series 
of  X-ray  exposures.  However,  once  established,  there  would  be  no  assurance  that 
the  head  would  remain  precisely  fixed  during  any  required  maintenance  of  the 
equipment  or  unforeseen  vibrations. 


EXPERIMENTAL  RADIOGRAPHIC  TECHNIQUE 


To  overcome  the  X-ray  beam  alignment  problem  and  to  insure  that  no  shell 
with  gaps  would  appear  acceptable,  an  X-ray  scanning  or  "in-motion"  radiographic 
technique  was  developed.  This  required  translating  the  shell  longitudinally 

(along  its  axis)  while  exposing  the  area  of  possible  gap  to  a  non-moving  X-ray 

source  located  some  distance  above  the  plane  of  the  shell  (figs.  A  and  3).  The 

film  was  placed  below  the  shell  (opposite  the  source)  and  translated  with  the 
shell.  The  success  of  this  method  depends  on  proper  selection  of  the  X-ray  ener¬ 
gy  and  of  the  scanning  speed.  An  excessively  slow  scan  or  high  X-ray  energy 

could  cause  continuous  film  exposure  or  blurring  in  the  gap  zone  due  to  penetra¬ 
tion  or  scatter,  and  would  result  in  obliteration  of  any  gap  image.  Having  the 
X-ray  energy  Loo  low  or  scanning  too  fast  would  provide  inadequate  penetration 
and  no  gap  detection.  The  proper  combination  of  parameters  allows  the  film  to 
"see"  the  X-ray  source  only  If  a  gap  is  present  and  only  during  the  very  short 
interval  when  the  plane  of  the  gap  Is  scanning  across  the  X-ray  source. 

Since  X-ray  sources  are  small  In  size  (one-to-two  millimeter  diameter),  it 
was  necessary  to  scan  slowly.  The  X-ray  equipment,  selected  experimentally  for 
this  application,  was  a  Philips  MG-150  unit  having  a  dual  focus  (dual  source) 
beryLllum  window  X-ray  tube.  The  larger  (2.5  mm)  source  was  used  since  it  pro¬ 
vided  higher  X-ray  intensity  resulting  in  minimum  scan  time.  An  X-ray  energy  of 
50  kilovolts  (constant  potential)  and  Kodak  type  M  film  in  the  pre-packaged  lead 
pack  produced  excellent  images  of  gaps  down  to  0.001  inch  without  significant 
interference  from  X-ray  scattering  or  undercutting.  (Table  1  lists  other  radio- 
graphic  technique  parameters.)  Mechanical  scanning  of  the  shell  was  provided  by 
an  existing  remote  controlled  X-Y  traverse  mechanism  adjusted  to  a  scan  rate  of 
one  Inch  per  minute  along  one  axis.  Since  the  source  was  only  2.5  mm  (0.098  in.) 
across,  the  exposure  time  available  through  a  very  small  gap  was  only  about  0.098 
minute  or  5.9  seconds.  This  was  sufficient  time  for  good  film  exposures  with  the 
source-to-f llm  distance  of  12  inches  and  X-ray  tube  current  at  20  mi  11  tamps.  A 
reduction  in  scan  time  to  one  minute  with  acceptable  exposure  was  achieved  by 
Increasing  the  scan  rate  to  two  Inches  per  minute. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


As  seen  In  the  radiographs  (figs.  6  and  7),  the  distinction  between  a  gap 
and  no-gap  condition  is  quite  clear.  We  now  consider  this  technique  ready  for 
adaptation  to  production  inspection  of  stockpiled  ammunition  either  in  the  labor¬ 
atory  or  at  field  locations.  The  concept  is  illustrated  in  figure  5.  Future 
efforts  should  concentrate  on  improving  the  engineering  design  of  the  equipment 
and  opt  imizat  ion  of  techniques  for  economy.  The  principal  need  is  for  a  more 
rugged,  semi-automatic,  scanning  and  indexing  fixture.  An  X-ray  shielding  box 
with  rapid  access  for  loading  and  unloading  will  be  needed  if  a  field  operation 
is  to  be  conducted  (fig.  8).  Improved  material  handling  devices  and  a  more  eco¬ 
nomical  film  may  be  possible.  A  self-checking  X-ray  alignment  standard  will  be 
required.  Application  of  this  technique  to  inspection  of  other  ammunition  items 
must  await  further  feasibility  studies. 
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Table  1.  Experimental  radiographic  technique 


Equipment:  Philips  MG-L50  (constant  potential) 

X-ray  Source:  2.5  millimeter  focus;  beryllium  window  tube 

X-ray  Energy:  50  kilovolts 

Tube  Current:  20  milliamps 

Source  to  Film  Distance:  12  inches 

Film:  kodak  M,  Lead  Pack 

Scan  time  Exposure  time  through  0.001-in.  gap 

seconds 
seconds 


2  minutes  at  l  inch  per  minute  5.9 

1  minute  at  2  inches  per  minute  2.9 
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Figure  1.  90-mm  HEAT-T  cartridge  M43i 
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1.  X-ray  tube  head  (source) 

2.  X-ray  beam 

3.  90-mm  HEAT-T  cartridge  M431  (complete  round) 

4.  Gap  area  (interface  between  body  and  chamber) 

5.  Sliding  fixture  (aluminum)  with  end  brackets  to  position  shell  longitudinally 

6.  V-blocks  (aluminum)  mounted  on  sliding  fixture  to  position  shell  vertically 
and  laterally 

7.  X-ray  film  cassette 

8.  Reversible  drive  motor  with  precision  lead  screw  to  move  sliding  fixture  at  2 
inches  per  minute 

9.  Support  base  or  table  (aluminum) 

Figure  5.  X-ray  scanner  for  90-mm  cartridge  M431 
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Figure  8.  Sketch  of  self-contained  X-ray  scanning  system  for  90-mm  cartridge  inspec 
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